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(54) Apparatus and method for providing a radio environment to test wireless communications 
equipment 

(57) An apparatus and a method for recreating radio 
frequency (RF) conditions of a cellular network extracts 
significant RF effects from field test data, and recreates 
variable RF attenuation using a multi-channel attenua- 
tor A f ieW data processor converts the field test data to 
time-varying attenuator control values for each channel 
of the multi -channel attenuator. Accordingly, a mobile in 
the lab which is connected to the multi-channel attenua- 
tor sees the same carrier and interference levels that 
were observed in the field environment, allowing cellular 
communication equipment testing without repeated field 
testing. 
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Description 

Field of the Invention 

5 [0001 ] The present invention relates to an apparatus and a method for recreating radio frequency (RF) field condi- 
tions using previously collected data, thus allowing wireless communications equipment testing and optimization with- 
out repeated field testing. 

Description of Prior Art 

10 

[0002] The complexity of a typical cellular communication network, particularly a code division multiple access 
(CDMA) network, makes it difficult to accurately analyze, test, and optimize network parameters and equipment using 
computer simulation. Thus, field testing Is typically performed using a mobile diagnostic device connected to a mobile 
phone ("mobile") to gather field test data as the mobile moves throughout the network region. 
IS [0003] One known mobile diagnostic device collects CDMA field data representing carrier and interference levels 
seen by a mobile, and stores the collected field data as a field test data file. 

[0004] A mobile in a CDMA network repeatedly searches for and detects pilot signals transmitted from network cell 
sectors. The relative strengths of the pilot signals allow the mobile to determine which cell sector should handle call traf- 
fic, and allow controlled handoffs between cell sectors as the mobile moves through the CDMA network area. The 
20 mobile diagnostic device collects "searcher" data for each pilot detected by the diagnostic mobile at frequent intervals. 
Specifically, the mobile diagnostic device collects an Ec/lo value, representing the ratio of energy measured at the 
mobile's demodulator to overall interference, for each detected pilot. The mobile diagnostic device further measures 
total pilot signal power, PtP''^*, received at the mobile at time t. 

[0005] To optimize system parameters of a deployed cellular network, and test new algorithms (e.g., handoff algo- 
25 rithms), numerous RF performance tests are typically necessary In other words, each time a system parameter is 
changed, a new test must be performed by using the mobile diagnostic to collect a new field test data file. Such 
repeated field testing is time-consuming. Furthermore, the RF conditions in the cellular network are constantly chang- 
ing, and thus the reliability of repeated tests under changing field conditions is low. 

30 Summary Of The Invention 

[0006] The present invention relates to an apparatus and a method for recreating RF conditions of a cellular net- 
work from previously generated field test data. Cell sectors in a lab setting are connected to a computer-controlled, 
multi-channel attenuator device which, based on variable control values extracted from the field test data, creates a var- 
35 iable RF loss along a plurality of fbnward (cell sector to mobile) and reverse (mobile to cell sector) attenuation paths. 
Such variable control values represent the RF loss which occurred between the network cell sectors and the mobile 
diagnostic device. 

[0007] Using a limited number of cell sectors and the multi-channel attenuator, the present invention recreates the 
network environment represented by the field test data so that a mobile phone connected to the multi-channel attenu- 
40 ator sees essentially the same carrier and interference levels that were observed by the mobile diagnostic device in the 
field. Thus, the present invention allows RF effects to be observed which were previously seen only in complex 
deployed cellular networks. Furthermore, since the test conditions remain exactly the same, network parameters can 
be tested independently of uncontrollable and dynamic parameters that are inevitable when repeated field tests are per- 
formed. 

45 

Brief Description Of The Drawings 
[0008] 

50 Figure 1 is a block diagram of the apparatus for recreating radio frequency field conditions in accordance with the 
embodiment of the present invention; 

Figure 2 is a block diagram of the forward/reverse channel attenuator for the apparatus of Figure 1 ; 

55 Figure 3 is a block diagram of the field data processor for the apparatus of Figure 1 : 

Figure 4 is a flowchart illustrating the initial channel assignment algorithm performed by the field data processor 
according to the present invention; 
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Figures 5A-5F are flowcharts illustrating the channel updating algorithm performed by the field data processor 
according to the present invention; and 

Figure 6 is a block diagram of an arrangement for calibrating the forward/reverse channel attenuator. 
Detailed Description 

[0009] The following detailed description relates to an apparatus and a method tor recreating RF conditions of a cel- 
lular network using previously gathered field test data. 

RF Erwironni pnt Recreatinn Annaratus-Qveryiew 

[0010] Figure 1 illustrates the overall configuration of an RF environment recreating apparatus 100 acrording to the 
present Invention. The RF environment recreating apparatus 100 includes six main components: a group of six cell sec- 
tors 110A.110F connected to a mobile switching center 115; a forward/reverse channel attenuator 120; a f ekJ data 
processor 150; a mobile 1 60; a voltage generator 1 70; af irst average white gaussian noise (AWGN) generator 1 80; and 

?001 ^SstSSl^R^^^^ 1 . the field data processor 1 50 receives field test data which was previously gathered 
by a mobile diagnostic device in a cellular network region. In a manner discussed below, the field da^ Processor 150 
processes the received field test data to extract significant pilots, assign the extracted pilote to forward channels of the 
forward/reverse channel attenuator 120. and calculate variable attenuator control values for each channel for- 
ward/reverse channel attenuator 120 at frequent time intervals so that the fon^^ard/reverse <^^^^""f^ 
reates the RF loss which occurred in the cellular network between the network cell sectors and the mobile diagnostic 

[0012]' Thefield data processor 150 is connected to the voltage generator 1 70. The voltage generator 170 receives 
the attenuator control values from the field data processor 150 and generates attenuator control voltages which are out- 
put to the fonivard/reverse channel attenuator 120. . ^ . . -rt,„ 
[00131 AS Shown in Figure 1. the disclosed embodiment utilizes two cells, A and B. each having hree sectors. The 
six cell sectors 1 10A-1 10F respectively output a base station transmit signal including pilot paging ( page ). and syn- 
Zo^!XTslcnsi,..^s at preset p^wer levels. When the RF recreating apparatus 100 

voice signal quality received at the mobile 160. the base station transmit signals output by the cell sectors 1 10A-1 10F 
further include call traffic received from the mobile switching center 115. . . „ , . h «e . = hoc*. 

[5oi4] The fonivardfreverse channel attenuator 120 is connected to each cell sector 1 10A-1 10F to receive a base 
station transmit signal from each of the cell sectors 1 1 0A-1 1 0F. As discussed in detail below. '^^^^ 'Tf^^^^^^ 
nel attenuator 120 includes a separate forward (cell sector to mobile) attenuation channel for each base station traremrt 
signal reSeL from the cell se«Sors 1 10A-1 10F. These forward attenuation channels variably attenuate ttie respective 
SX^fsSion transmit ^gnals in accordance with attenuator control voHages received irc^ the vo'^ge gener^ 
Zor 1?0 The forward/reverse channel attenuator 120 combines the variably attenuated base ste ion transmit signals 
oS>ut b/ each ton^ard channel, and is connected to the mobile 160 to output the result as a "^''''^ 
rams] The forward/reverse channel attenuator 120 is further connected to the mobile 160 to receive a "^ob^frf"f- 
Snal generated by the mobile 160. To simulate diversity reception, each cell sector 1 lOA-1 OF 'S connected to ttie 
fonvaSeise channel atteriuator 120 to receive a pair of base station receive «9"f Jl^^^f ^^^^^."n.?!! ' 
sixcell sectors 1 10A-1 10F in the preferred embodiment, the forwardfreverse channel attenuator 120 splits the mob le 
?ran2 i^Teceived from the mobile 160 along tweh^e separate reverse (mobile to cell sector) attenuation channels^ 
ihet^ard/reverse channel attenuator 120 is further connected to the first AWGN generator 180 to recede a no.se 
stana? which IS used to represent residual power and noise from ttie collected field test data^ For ««"P'«- 'Je^^' 
SNgeSeratorlSOcreaLanoise signal to representthe Signal power which wasdetected by 
devSe but not recreated by the cell sectors 1 10A-1 10R The foiv/ard/reverse channel attenuator 120 includes a fbrwaid 
SeiKe Siannel and a reverse interference channel for receiving and variably attenua.ng the n^'^^^'g"^' (^9-* 
dBm) output by the first AWGN generator 180. The fonvard/reverse attenuator 120 is further to thej^oltage 

0eSrSoM70 to receive attenuator control voltages for each forward, reverse, and interference attenuaton channel so 
that the RF loss along each channel reflects network conditions. . , o„ tt,„ 

0?161 The forward/reverse channel attenuator 120 is further connected to the second AWGN generator 90. The 
forward/reverse channel attenuator 120 receives a noise signal generated by the second AWGN fle"«;ator 190. and ^ 
adTno stto each fon^ard and reveise attenuation channel. For example, if ttie user wishes '^'^^'^^.^^^^ 
Javing a much higher level of noise than the environment represented by the field lest data, the se«>nd^QJ^fl«'e'-- 
ato 19? outputs' relatively high-power noise signal to the forward/reverse channel attenuator 
Z noise r«eived from the second AWGN generator 190 to the forward and reverse channels. Thus, the second 
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AWGN generator 190 allows a user to vary the network conditions created by the forward/reverse channel attenuator 



120 



[00171 The operation of the RF environment recreating apparatus 100 shown in Rgure 1 will next be desaibed. Ini- 
tially the field data processor 1 50 receives and stores a field test data file. The field data processor 150 extracts signif- 
icant pilots (e.g.. pilots with highest signal strength), which correspond to the significant network cell sectors, from the 
field test data at frequent time intervals (e.g., every 2 seconds) . The field data processor 150 assigns the extracted sig- 
nificant pilots to fowatd channels of the forward/reverse channel attenuator 120. Furthermore, in accordance with the 
pilots which are assigned to the fomrard channels of the forward/reverse channel attenuator, the field data processor 
150 calculates variable attenuator control values for each fonward and reverse channel of the fonA-ard/reverse channel 
attenuator 120. The voltage generator 170 converts these variable attenuator control values to attenuator control volt- 

[001^8] The forward/reverse channel attenuator 1 20 receives *ie attenuation control voltages from the voltage gen- 
erator 1 70 In accordance with the control voltages received from the voltage generator 170. the fbnward/irwerse chan- 
nel attenuator 120 recreates the attenuation levels from the cellular network. In other words, each forward interference 
channel, and corresponding reverse interference channels, recreate the attenuation which existed between the network 
cell sector outputling the assigned pilot and the mobile diagnostic device. , , on *h<. 

[00191 By assigning the significant pilots to the forward channels of the fomvard/reverse channel attenuator 1 20, the 
RF environment recreating apparatus 100 recreates most of the pilot, page, and sync Power in the «eld "sing^he snc 
forward channels of the foiward/reverse channel attenuator 1 20. The RF recreating apparatus 100 treats all the residual 
pilot page, and sync power, as well as other interference power represented in the field test data, as "oise Jo recreate 
noise which represerrts the residual power and noise form the field test data, the first AWGN generator 180 creates a 
noise signal which is fixed (e.g.. -4 dBm). or varied based on the field test data^ ''*'\*^'^[\^ZlnLTl^^r^ 
channels of the forward/reverse channel attenuator 1 20 receive the noise signal from the first AWGN generator 1 80 and 
variably attenuate the noise signal in accordance with attenuator control values calculated by the field data processor 
150 so that the foOArardAeverse channel attenuator 1 20 recreates an accurate residual power and no.se component at 

mSo]^ 'b*Sordance with the attenuator control voltages received from the voltage generator 170. each fonward 
channel of the fotv^ard/reverse channel attenuator 120 creates a variable RF loss for each signal received rorn the ceH 
sectors 110A-110F to recreate the network conditions in the lab setting. Since the attenuator control values are 
extracted from actual field test data, the mobile 160 in the lab sees the same carrier and interference levels that were 
observed by the mobile in the field environment. Using the reverse channels of the forward/reverse channel attenuator 
120 the field interference environment is also recreated for mobile transmit Signals. 
[0021] Ttiese features of the RF environment recreating apparatus 100 will be discussed specifically below. 

35 FntwArri/Rever sft r.hannel Attenuator nCVl 

[00221 Referring to Figure 2, the forwa«l/reverse channel attenuator 120 includes: (1) six forward attenuation chan- 
nels ('channels 1-6") for variably attenuating base station transmit signals received from the cell sectors 11 OA- 11 OF 
respectively , (2) twelve reverse attenuation channels ("channels 7-18") for variably attenuating ttie mobile transmit sig- 
naTreceived from the mobile 160 (since each cell sector 1 10A-1 10F receives two base station recen/e «flnate to «m^^^ 
late diversity reception, the forward/reverse channel attenuator has twelve reverse channels); (3) a forward interference 
attenuation channel ("channel 19"); and (4) a revere interference attenuation channel ("channel 2°^ Since the for- 
wardfreverse channel attenuator 120 includes twenty channels in ttie disclosed embodiment .t is referred to ^.ere n as 
the twenty channel tester ("TCT") 120. It should be recognized that a different number of ''^^^^^^^^^ 
depending for example on the number of cell sectors in the lab. Furthermore, the configuration of the TCT tester 120 
may be modified to correspond to the specific cellular network represented by the field test data 
[0(tt31 For ease of illustration. Figure 2 shows only two of the six forward channels (channels 1 and f). four We 
Live reverse channels (channels 7, 8. 17. and 18). and the fo^^ard and reverse interference .^^^^^a 
Channels 2-5 have the same configuration as channels 1 and 6. and channels 9-16 have the same configuration of 

^ roSTr^/te* nilishSelf in Figure 2. each foi^ard channel 1-6 Includes four components: a manual attenuator 
121 A 121 F- a PIN diode attenuator 122A... 122F; a noise input 123A... 123F; and a combiner 124A... 124F 
[0025]' using channel 1 as an example, a base station transmit signal from cell sector 1 10A is L^^^'^^f J« -^"^^ 
ual attenuator 1 21 A. which is set during an initial system set-up operation (discussed below). The PIN ^fe attenuator 

55 122A is connected to the manual attenuator 121 A to receive the attenuated base "If^^^^^^ 
ual attenuator 121 A. The PIN diode attenuator 122A also receives a time-varying control witage ^^9f S^' 

e?a^ 170 to control the amount of attenuation caused by the PIN diode attenuator 122A ^ore specrfica h^^me P 
diode attenuator 122A has a dynamic attenuation range. e.g.. a range of 0 to - 64 dB. which is linearly related to the 
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input voltage from the voltage generator 1 70, e.g., in the range of 0.0 to 10.0 Volts. In this specific example. 0 dB atten- 
uation results from a 0.0 Volt input, and -64 dB attenuation results from a 10.0 Volt input. 

[0026] As discussed above, the TCT 120 introduces a variable amount of noise, generated by the second AWGN 
generator 190, into each of the forward channels 1 -6. Referring again to channel 1 as a specific example, a noise input 
5 unit 123A receives a noise signal from the second AWGN generator 190. The noise input unit 123A outputs the noise 
signal to the combiner 124A, which receives and combines the noise signal from the noise input 123A and the output 
of the PIN diode attenuator 122 A. 

[0027] The forward channels 1-6 respectively output the results of the combiners 124A...124F, which are received 
and combined by a mobile receive signal combiner 126 Into a single base station transmit signal. The mobile receive 
10 signal combiner 126 outputs the mobile receive signal, which the fonA^ard/reverse channel attenuator 120 outputs to the 
mobile 1 60. 

[0028] As shown in Figure 2, each reverse channel 7-18 also includes four components: a manual attenuator 
131 A... 131 L; a PIN diode attenuator 132A...132L; a noise input 133A...133L: and a combiner 134A...134L 
[0029] Initially, a mobile transmit signal splitter 136 receives the mobile transmit signal from the mobile 160, and 
15 splits the mobile transmit signal along six separate paths. Furthermore, a series of six splitters 1 35A- 1 35F respectively 
receive a mobile transmit signal from the mobile transmit signal splitter 1 36, to further split the received mobile transmit 
signal. Thus, the reverse channels 7-18 each receive a mobile transmit signal. 

[0030] Using the reverse channel 7 as a specific example, the manual attenuator 1 31 A receives a mobile transmit 
signal from the splitter 135A. The PIN diode attenuator 1 32A is connected to the output of the manual attenuator 1 31 A. 
20 Like the PIN diode attenuators 121A...121F of fonward channels 1-6. the PIN diode attenuator 132A of channel 7 
receives a time-varying control voltage from the voltage generator 170 so that the PIN diode attenuator 132A of channel 
7 variably attenuates the output of the manual attenuator 131 A. 

[0031] Like fonward channel 1 described above, reverse channel 7 includes a noise input 133A. which receives a 
noise signal from the second AWGN generator 190. The combiner 134A of channel 7 adds the noise signal from the 

25 noise input 133A to the variably attenuated output of the PIN diode attenuator 132A. The TCT attenuator 120 outputs 
the result of the combiner 134A as a base station receive signal to the cell sector 1 10A. Cell sector 1 10A also receives 
a base station receive signal from channel 8. Similarly, the cell sector 1 10B receives base station receive signals from 
channels9and 10; the cell sector HOC receives base station receive signals from channels 11 and 12; the cell sector 
1 1 0D receives base station receive signals from channels 1 3 and 1 4; the cell sector 1 1 0E receives base station receive 

30 signals from channels 15 and 1 6; and the cell sector 1 10F receives base station receive signals from channels 17 and 
18. 

[0032] As shown in Figure 2, fonward interference channel 19 includes two components: a manual attenuator 141 A; 
and a PIN diode attenuator 142A. Channel 19 receives a noise signal, representing residual power and interference, 
from the first AWGN generator 180. 
35 [0033] The channel 19 manual attenuator 141 A receives and attenuates the noise signal from the first AWGN gen- 
erator 180. The channel 19 PIN diode attenuator 142A receives the output of the channel 19 manual attenuator 141 A. 
Like the PIN diode attenuators of channels 1-18, the channel 19 PIN diode attenuator 142A receives a time-varying 
control voltage from the voltage generator 1 70, and variably attenuates the noise signal received from the channel 19 
manual attenuator 141 A. 

40 [0034] The mobile receive signal combiner 126 receives the output of the forward interference channel 19, and 
combines the attenuated noise signal from the forward interference channel 19 with the outputs of forward channels 1- 
6. Thus, the mobile receive signal output by the TCT 1 20 includes a variably attenuated noise component from the for- 
ward interference channel 19 to reflect residual power and interference. 

[0035] As shown in Figure 2, the reverse interference channel 20 includes three components: a manual attenuator 
45 141B; a PIN diode attenuator 142B; and a noise signal divider 148. Like the fonvard interference channel 19, the 
reverse interference channel 20 receives a noise signal from the first AWGN generator 180. 

[0036] The channel 20 manual attenuator 1 41 B receives and attenuates the noise signal from the first AWGN gen- 
erator 180. The channel 20 PIN diode attenuator 142B receives the output from the channel 20 manual attenuator 1418 
and. like the PIN diode attenuators of channels 1 -1 9, receives a time-varying control voltage from the voltage generator 
50 1 70. The noise signal divider 148 receives the variably attenuated noise signal from the channel 20 PIN diode attenu- 
ator 1428, and divides the attenuated noise signal equally into twelve noise signals. The combiners 134A...134L of 
reverse channels 7-18 each receive a noise signal component from the reverse interference signal divider 148. Thus, 
the base station receive signals output by the TCT 120 to the cell sectors 1 10A-1 10F each include a noise component 
from the reverse interference channel 20. 

55 

Field Data Processor 

[0037] Refen-ing to Figure 3, the field data processor 1 50 includes three main components: a field data storage unit 



5 



• 



EP 1 022 872 A2 



152; a channel assignment/update unit 154; and an attenuator control unit 159. The field data storage unit 152 receives 
and'stores the previously gathered field test data. The channel assignment/update unit 154 Is connected to the field 
data storage unit 152 to retrieve the field test data stored therein. As will be discussed in detail below, the channel 
assignment/update unit 1 54 processes the field test data to extract the significant pilots and assign the extracted pilots 

5 to the forward channels o1 the TCT 120 at frequent time intervals. The attenuator control unit 159 is connected to the 
channel assignment/update unit 1 54 to receive the results of channel assignment/updating, and is further connected to 
the field data storage unit 152 to retrieve the field test data stored therein. The attenuator control unit 159 processes 
the field test data file retrieved from the field data storage unit 152 in accordance with the results of channel assign- 
ment/updating to calculate the time-varying attenuation control values for each channel of the TCT 120, 

10 [0038] These functions of the field data processor 1 50 will next be described. As mentioned above, the diagnostic 
mobile gathers data for each detected pilot at frequent time intervals (e.g.. every 200 ms). There are six cell sectors in 
the embodiment illustrated in Figure 1 . although a greater or lesser number of cell sectors may be used. Therefore, the 
channel assignment/update unit 159 must frequently determine the significant pilots, corresponding to the significant 
network cell sectors, and assign these pilots to the fonward channels of the TCT 120. In other words, since the field test 

16 data may include values for more than six pilots at a given time instant, the significant pilots (e.g.. the strongest pilots) 
are determined and assigned to the fonvard channels of the TCT 1 20 so that the fonward channels of the TCT 1 20 rec- 
reate the variable RF loss between the network cell sectors outputting the assigned pilots and the mobile diagnostic 

device. ■ • . , u ■ 

[0039] To determine the significant pilots, the channel assignmenVupdating unit 154 performs an initial channel 
20 assignment operation and a channel updating operation, which are described with reference to the flowcharts of Fig- 
ures 4 and 5A-5F. While these operations utilize Ec/lo values to assign/update pilots, it should be recognized that other 
values, such as Ec, may be suitable for extracting significant pilots from the field test data. The initial channel assigning 
process is illustrated in Figure 4. 

[0040] At step 310. the Ec/lo values for all detected pilots at time t= 2 seconds are sorted in descending order. At 
25 Step 31 2, the first ranked pilot, corresponding to the highest ranked Ec/lo value, is selected. At step 31 4. the Ec/lo value 
for the selected pilot is compared to a threshold value T_ADD_ACT (e.g., -14 dB). The corresponding pilot is desig- 
nated as an "active" pilot at step 316 if Ec/lo is greater than T_ADD_ACT The channel selection algorithm then pro- 
ceeds to step 324 to determine whether all six fonward channels have been initially assigned. 
[0041 ] If the comparison of step 314 indicates that Ec/lo is not greater than T_ADD_ACT. the channel assignment 
30 algorithm proceeds to step 318. At step 318. Ec/lo is compared to a second threshold. T_ADD_CAN (e.g.. -15 dB). 
When Ec/lo is greater than T_ADD_CAN, the corresponding pilot is designated as a "candidate" pilot at step 320. and 
the initial channel assignment algorithm proceeds to step 324 to determine whether all six fbnward channels have been 
initially assigned. 

[0042] When step 318 indicates that Ec/lo is not greater than T_ADD_CAN. the selected pilot is designated as a 
"remaining- pilot, and the algorithm proceeds to step 324 to determine whether all six fonward channels have been ini- 
tially assigned. , xu ■ i 

[0043] After the pilot selected at step 312 has been designated as "active." "candidate, or remaining, the imtai 

channel assigning algorithm determines at step 324 that initial channel assignment is complete when all six channels 
have been assigned, or there are no more ranked Ec/lo values. In other words, when the field test data includes less 
than six pilot signals at time t. at least one of the forward channels of the TCT 120 will be idle (i.e.. the PIN diode atten- 
uator of that channel is set to create the highest possible attenuation level). The algorithm then proceeds to step 326 to 
initiate channel updating at time t = t -i- 2 seconds. 

[0044] As the mobile diagnostic device moves throughout the cellular network area, the set of significant pilots 
changes. Furthermore, the strongest six pilots at a given time Instant may not be the most significant pilots. For exam- 
ple some pilots may be weak at time t. but very strong two seconds before time t and two seconds after time t. Such 
pilots should be maintained in the same channel for a certain time period after their Ec/lo value drops below a threshold 
levels to presen/e most of the handoff activities of the cellular network. In accordance with the present invention, the 
channel assignment/update unit 154 reassigns each fonward channel at predetermined time intervals, e.g. every 2 sec- 
onds This channel updating process will next be described with reference to Figures 5A-5F 

[0045] When reassigning channels, previously idle channels are assigned to new detected pilots with relatively 
strong Ec/lo values. Furthermore, previously assigned pilots which are particularly significant, designated as either 
"active" or "candidate" pilots, are maintained for a certain amount of time, even after their corresponding Ec/lo value 
drops below a certain threshold. This ensures that the fonward channel assignments for significant pilots, which may be 
only temporarily obscured, are maintained for at least a predetermined time period. Fonward channels which have pre- 
ss viously been assigned pilots which are not particularly significant, designated as "remaining" pilots, and which now 
have Ec/lo values below newly detected pilots, are reassigned to such new pilots. 

[0046] At step 330, the Ec/lo values at time t = t + 2 seconds are ranked in descending order. At step 332, the pilot 
which is assigned to the first fonward channel (i.e., channel 1 of the TCT 120) is evaluated so that, at step 334. the 
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updating algorithm determines whether an Ec/lo value data for the assigned pilot is included in the new set of Ec/lo val- 
ues. If so, the Ec/lo value for the assigned pilot is removed from the new set of Ec/lo values at step 336. Next, at step 
338. the channel updating algorithm determines whether the assigned pilot is "active." If yes, the new Ec/lo value for 
the assigned pilot is compared to a threshold. T_DROP_ACT (e.g.. -16 dB). at step 346 (Figure 5B). If the new Ec/lo 

5 value for the assigned "active" pilot is greater than T_DROP_ACT. the pilot is maintained as "active" at step 348. and 
the updating algorithm proceeds to step 344 to evaluate the next channel. When step 344 indicates that all six fdnward 
channels have been evaluated and updated, the updating algorithm ends for time t = t + 2 seconds. If less than all for- 
ward channels have been evaluated and updated, the channel updating algorithm returns to step 332. 
[0047] Referring again to Figure 58. when the comparison of step 346 indicates that the new Ec/lo value for the 

10 assigned "active" pilot Is not greater than T_DROP_ACT, a time value, tjdrop, associated with the assigned pilot is 
compared to a threshold value T_TDROP (e.g., 2-3 seconds) at step 350. If tjdrop is less than T_TDROP, the pilot is 
maintained as an "active" pilot at step 352. and t__tdrop is incremented by 2 seconds at step 354 before the algorithm 
proceeds to step 344. When the comparison of step 350 indicates that t_tdrop is not less than T_TDROP. the pilot is 
designated as a "candidate" pilot, instead of an "active" pilot, t-tdrop is incremented by 2 seconds at step 354, and the 

15 channel updating algorithm proceeds to step 344. 

[0048] Referring again to Figure 5A. when step 338 indicates that the assigned pilot for the channel being evaluated 
is not "active." the channel updating algorithm determines at step 340 whether the pilot is a "candidate" pilot. If yes, the 
channel updating algorithm determines at step 358 (Rgure 58) whether the new Ec/lo value for the assigned pilot 
exceeds T_ADD_ACT. If so. the pilot is designated as an "active" pilot at step 360. and the algorithm proceeds to step 

20 344. When step 358 indicates that Ec/lo does not exceed T_ADD_ACT. the Ec/lo value is compared to a threshold, 
T_DROP_CAN, at step 362 (e.g.. -17 dB). If Ec/lo is greater than T_DROP_CAN. the assigned pilot is maintained as a 
"candidate" pilot at step 364, and the channel updating algorithm returns to step 344. When step 362 indicates that the 
new Ec/lo value does not exceed T_DROP_CAN, the tjdrop value for the assigned pilot is compared to T^TDROP at 
step 366. If tjdrop is less than T_TDROP. the pilot is maintained as a "candidate" at step 368. tjdrop is incremented 

25 by 2 seconds at step 370. and the channel updating algorithm proceeds to step 344. When step 366 indicates that 
t_tdrop is not less than T_TDROP. the status of the pilot is changed to a "remaining" pilot, tjdrop is incremented by 2 
seconds at step 370. and the channel updating algorithm proceeds to step 344. 

[0049] Referring again to Fig. 5A. when the channel updating algorithm determines at step 340 that the pilot which 
is assigned to the channel being evaluated is not a "candidate." the algorithm determines at step 342 whether the pilot 

30 for the channel being evaluated is a "remaining" pilot. 

[0050] If so, the new Ec/lo value for the "candidate" pilot is compared to T_ADD_ACT at step 374 (Figure 5C). and 
if the Ec/lo value is greater than T_,ADD_ACT the status of the pilot is changed to "active" at step 376. and the channel 
updating algorithm proceeds to step 344. If the comparison of step 374 indicates that the new Ec/lo value is not greater 
than T_ADD_ACT. Ec/lo is compared to T_ADD_CAN at step 378. If Ec/lo is greater than T_ADD_CAN. the status of 

35 the assigned pilot is changed to a "candidate" at step 380, and the channel updating algorrthm proceeds to step 344. If 
Ec/lo is not greater than T_ADD_CAN. the channel updating algorithm determines at step 382 whether any Ec/lo val- 
ues in the new data set are greater than the Ec/lo value of the assigned pilot. If so. a new pilot having a larger Ec/lo 
value is assigned to the channel being evaluated at step 384, and the channel updating algorithm proceeds to step 344. 
If there are no larger Ec/lo values, the status of the channel being evaluated is maintained at step 385. and the channel 

40 Updating algorithm proceeds to step 344. , * j *l, 

[0051] Referring again to Fig. 5A. when the channel updating algorithm determines at step 342 that the pilot for the 
channel being evaluated is not in the "remaining" set, this indicates that the channel is idle, and the channel updating 
algorithm proceeds to step 386 (Figure 5D) . At step 386. a new detected pilot with the highest tanked Ec/lo value is 
assigned to the idle channel. The channel updating algorithm then proceeds to step 388. where the Ec/lo value for the 

45 new pilot is compared to T_ADD_ACT. If Ec/lo is greater than T_ADD_ACX the new detected pilot is designated as 
"active" at step 390, and the channel updating algorithm proceeds to step 344. When Ec/lo is not greater than 
T_ADD_ACX Ec/lo is compared to T_ADD_CAN at step 392. If Ec/lo is greater than T_ADD_CAN. the pilot is desig- 
nated as a "candidate" pilot at step 394, and if not, the new pilot is designated as a "candidate" pilot at step 396. The 
channel updating algorithm then proceeds to step 344. At step 344, the channel updating algorithm determines whether 

so all six channels have been evaluated, and if not. returns to step 332 to evaluate and update the next channel in the 
same manner discussed above. 

[0052] Referring again to Figure 5A. when step 334 indicates that the new set of Ec/lo values does not contain a 
value for the assigned pilot of the channel being evaluated, the channel updating algorithm determines whether the pilot 
for the channel being evaluated is "active" at step 398 (Fig. 5E). If so, tjdrop is compared to T.TDROP at step 408 
55 (Fig. 5F). When tjdrop is less than T_TDROR the pilot is maintained as "active" at step 410, tjdrop is incremented by 
2 seconds at step 41 1 . and the channel updating algorithm proceeds to step 344. 

[0053] If the comparison of step 408 indicates that tjdrop is not less than T_TDROP, the status of the assigned 
pilot is changed to a "candidate" at step 412. tjdrop is incremented by 2 seconds at step 411 , and the channel updating 
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algorithm proceeds to step 344. 

[0054] Referring again to Figure 5E. when step 398 indicates that the pilot assigned to the channel being evaluated 
is not "active." the channel updating algorithm determines at step 402 whether the pilot is a "candidate." If so. t_tdrop 
is compared to T_TDROP at step 414 (Figure 5F) . If tjdrop is less than T_TDROP. the pilot is maintained as a "can- 
didate" at step 416, tjdrop is incremented by 2 seconds at step 418. and the channel updating algorithm proceeds to 
step 344. When step 414 indicates that tjdrop is not less than T_TDROP, the pilot for the channel being evaluated is 
designated as a "remaining" pilot at step 420. and the channel updating algorithm proceeds to step 344. 
[0055] Referring again to Fig. 5E, when step 402 indicates that the pilot for the channel being evaluated is not a 
"candidate." the channel updating algorithm determines at step 404 whether the pilot is a "remaining" pilot. If so. the 
channel is assigned to a pilot from the new set of data with the strongest remaining Ec/lo value at step 406. and the 
channel updating algorithm proceeds to step 388 (Rgure 5D). When the channel updating algorithm determines at step 
404 that the pilot for the channel being evaluated is not a "remaining" pilot, and thus the channel is idle, the algorithm 
proceeds to step 386 (Figure 5D) to assign a new detected pilot to the previously idle channel. 
[0056] As mentioned above, the computer-implemented algorithm for channel updating illustrated by the flowcharts 
of Figures 5A-5F is repeated at time intervals, e.g.. every 2 seconds. Channels are updated when matching pilots are 
found in the new data set, and idle channels are assigned to new detected pilots with relatively strong Ec/lo values. Fur- 
thermore, the channels assigned to "remaining" pilots are assigned to pilots in the new data set having greater Ec/lo 
values. Channels assigned to "active" or "candidate" pilots are maintained for a time T_TDROP. 
[0057] As result of the channel assignment/updating operation performed by the channel assignmenVupdate unit 
154. the field data processor 150 determines which pilots in the field test data are most important at each time instant, 
and assigns the pilot signals to the fonward channels of the TCT 120. The attenuator control unit 159 then calculates 
the variable attenuator control values for each channel of the TCT for each time Instant based on the assigned pilot. 
[0058] The fonvard channels of the TCT 1 20 create variable attenuation between the cell sectors 1 1 0A-1 10F and 
the mobile 160. The forward channel PIN diode attenuators 122A...122F create the variable attenuation in accordance 
with attenuator control values calculated by the attenuator control unit 159. The attenuator control unit 159 calculates 
these forward channel attenuator control values as follows. 

[0059] As discussed above, the field test data contains Ec/lo values for each detected pilot, as well as total received 
pilot power. PtP"^*. at frequent time intervals. Initially, a mobile received power classification equation Is given as: 



where: 

P( ~ mobile total received power at time t; 

Nf = the total number of pilots detected at the mobile at time t; 

pj>iiot ^ mobile received pilot power from the nth network cell sector at time t; 

p^sync ^ mobile received sync power from the nth network ceil sector at time t; 

pipage _ mobile received page power from the nth network cell sector at time t; 

Pt^^f = mobile received traffic channel, power of the serving call; 

Pinter = mobile received interference; and 

Pnoise * received power due to thermal noise. 

[0060] The attenuator control unit 1 59 determines the mobile received pilot power at time t for each assigned pilot 
by solving: 

ppnot ^f^c] » pPifot (2) 
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[0061 ] The total attenuation which should be recreated along the corresponding fonward channel is represented as: 

Atten. = 20 • log ,o (P„^^' / Pcs^'^' ) c*B. O) 

where Atten. fctj^nnei represents the total attenuation along the fonvard channel, and Pcs^''^' represents the transmit pilot 
power used by the cell sectors 1 1 0 A-1 1 0R The network cell sectors 1 10A-1 10F transmit at certain pilot signal power 
levels, such as +8 dBm. Therefore. PcJ^'^^^ 's known. 

[0062] The total channel attenuation for the fonward channel. Atten. f^^^nnsi . includes a fixed component due to the 
fonvard channel fixed attenuator 121 A... 121 F (plus cable loss), and a variable component due to the forward channel 
PIN diode attenuator 122A...122F. Therefore, the fonward channel attenuator control value. Atten.f^risMe . <s calculated 
by solving: 

Atten. f^^,f^^ « Atten. f^„^, - Atten. ^^^^^ (4) 

where Atten.ffj^^d 's the attenuation of the fonward channel fixed attenuator 121 A...121F plus cable loss along the for- 
ward channel. Atten. ffj^ed^or each fonward channel is set during a preliminary set up operation (described below) to bal- 
ance the fixed attenuation along each channel of the TCT 120. Atten. ff^^^ will generally be between -50 dB and -60 dB. 
[0063] The attenuator control unit 1 59 calculates Atten. f^riat^ for each assigned/updated channel to generate the 
time-varying forward channel attenuator control values which are output to the voltage generator 1 70. When a forward 
channel is idle (i.e.. there are less than six pilots at time t). the attenuator control unit 159 sets Atten. f^^riabie at the high- 
est possible variable attenuation level (e.g., -64 dB) . . . ..^^ 
[0064] For the reverse channel PIN diode attenuators 1 32A...132L of the TCT 120. the attenuator control unit 159 
uses the attenuator control values from the forward channels 1-6 to create the same attenuation levels along the for- 
ward and reverse channels. In other words, the channel 7 and 8 PIN diode attenuators 132A, 132B each use the same 
attenuation control value as the channel 1 PIN diode attenuator 122A; the channel 9 and 10 PIN diode attenuators 
132C 132D each use the same attenuation control value as the channel 2 PIN diode attenuator 122B: the channel 1 1 
and 12 PIN diode attenuators 132E. 132F each use the same attenuation control value as the channel 3 PIN diode 
attenuator 122C; the channel 13 and 14 PIN diode attenuators 132G. 132H each use the same attenuation control 
value as the channel 14 PIN diode attenuator 122D; the channel 15and 16 PIN diode attenuators 1321. 132J each use 
the same attenuator control value as the channel 5 PIN diode attenuator 122E; and the channel 17 and 18 PIN diode 
attenuators 132K. 132L each use the same attenuation control value as the channel 6 PIN diode attenuator 122F. 
Although the same attenuator control values may be used for the reverse channel PIN diode attenuators 132A...132L 
in a manner described above, the attenuator values for the reverse channels 7-18 may also be varied to recreate differ- 
ent RF loss, such as different fading effects, along the reverse channels. 

[0065] To determine the attenuator control values for the interference channel PIN diode attenuators 142A and 
142B, the total received residual power and noise at time t is first calculated. Specifically, the residual power and inter- 
ference Pr, is calculated by solving the equation: 



40 



To solve equation (5). P/*^ is calculated in accordance with equatfon (2) above. Furthermore. Prfy"^ and Pf^^^ are 
45 calculated by solving: 



50 



55 



psync ^ ppage 



{gain-syncf+faain'page) " L ppnot 



(gain-pilot)^ 



where gain-sync, gain-page, and gain-pilot are the network cell sector gain levels used to transmit sync, page, and pilot 
signals These gain levels used by the network cell sectors may be retrieved from the network cell sectors, or it niay be 
assumed that the network cell sectors operate in accordance with recommended page, sync, and pilot gain levels. 
P^ise is assumed to be 0. and the serving call traffic channel power. P^/ is determined by calculaUng: 
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^traf 



ne}^(Qain-pHotf " ^ 



5 In equation (7), S represents the assigned set of pilots at time t. RF trace files are collected at network cell sites, and 
report the transmit digital gain, gain-traf, of the serving call. Thus, attenuator control unit 159 uses RF trace file data to 

calculate Ptraf • 

[0066] After passing through the forward interference channel 19 of the TCT 1 20. the noise signal generated by first 
AWGN generator 180 results in a residual power and interference signal P^. Therefore, the total attenuation created by 
10 interference channel 19 is calculated in accordance with the equation: 

Atten. channeHS = 20 * log {Pr/^AWGN) ^B. (8) 

where Atien.cfysnnei-i9 represents the total attenuation along the interference channel 19. and Pawgn represents the 
15 noise signal power generated by the first AWGN generator 180 (e.g., -4 dBm). The total attenuation resulting along 
interference channel 19. Atten.chann9i-i9' includes a fixed component, due to the fixed attenuator 141A (plus cable 
loss), and a variable component, due to the PIN diode attenuator 142A. Therefore, the fonward interference attenuation 
control value. Atten.ygriabis^is* is calculated by solving: 



A^^^- variable-ig = channeM9 ' nxBd-19 (®) 

where Atten. fi^^.fg is the attenuation created by the channel 19 fixed attenuator 141 A (plus cable loss). 

[0067] The reverse interference channel 20 creates the same total attenuation as the forward Interference channel 

19. Therefore, the attenuation control value for the PIN diode attenuator 142B, Atten. varisbfB-20' 's calculated by solving: 

Atten. ysriable'20 ° channeM9 ' nxed-20 C"^) 



where Atten, fixed-20 ."S the attenuation created by the fixed attenuator 1 41 B (plus cable loss) . 
[00681 In accordance with the above calculations, the field data processor 150 generates time-varying attenuator 
30 control values for each channel of the TCT 1 20. These attenuator control values are output to the voltage generator 1 70 
for conversion to control voltage levels which are received by the PIN diode attenuators of the TCT 120. 
[0069] While the configuration of the field data processor 1 50 illustrated in Figure 3 shows separate functional units 
for performing channel assignment/updating and attenuator control, this configuration is shown for ease of explanation, 
and it should be realized that a single connputer processor could be used to perfbrm these functions. 



Calibration 



[0070] Certain considerations are taken into account when the RF recreating apparatus 100 is implemented in the 
lab to ensure that the desired levels of attenuation result along each channel of the TCT 120. Specifically, because 

40 cables are used in the lab to connect each of the cell sectors 110A-1 10F to the TCT 120. and to connect the TCT 120 
to the mobile 1 60. cable loss generally occurs. Furthermore, because different cable lengths in the channels of the TCT 
120 will create slightly different levels of cable loss in each channel, the fonward. reverse, and interference channels of 
the TCT 120 are balanced during an initial start-up operation to ensure that each channel exhibits the same fixed atten- 
uation when the PIN diode attenuators are idle (i.e., when the voltage generator 1 70 outputs attenuator control voltages 

45 Of 0.0 volts to each PIN diode attenuator of the TCT 120). Specifically, the aggregate cable loss is measured along each 
channel, and the fixed attenuators 121A... 121F, 131 A...131U 141 A. and 142B are set to balance the fixed attenuation 
along channels 1-20 when 0.0 volts are Input to the PIN diode attenuators 122A...122F, 132A...132F. 142A. and 142B 
of the TCT 120. 

[0071] Furthermore, the attenuation characteristics of the PIN diode attenuators used In the TCT 120 may differ 
50 slightly. Therefore, the field data processor 150 calculates calibration coefficients for the PIN diode attenuators 
122A...122F. 132A...132L, 142A, and 1428 so that the attenuator control values output by the field data processor 150 
result in the desired attenuation in the corresponding channel of the TCT 120. 

[0072] Figure 6 illustrates a suitable configuration which enables the field data processor 1 50 to calculate such cal- 
ibration coefficients. Specifically, a signal generator 1 96 is connected to the TCT 120 to input a predetermined signal to 
55 each channel of the TCT 120. A power meter 198 is connected to the output of the TCT 120 to measure power loss 
when the field data processor 1 50 outputs a given attenuation control value to the voltage generator 1 70. The field data 
processor 150 calculates calibration coefficients to minimize the difference between the expected attenuation (i.e., the 
attenuator control value output by the field data processor 1 50). and the attenuation measured by the power meter 1 98. 
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Specifically, the field data processor 150 calculates correction coefficients, multiplier and scalar, to nfiinimize the error 
function: 

I y-multiplier* x-scalar\ ^ (11) 

where y is the attenuation control value output by the field data processor 1 50 (i.e.. expected attenuation), and x is the 
actual attenuation measured by the power meter 198 when the field data processor 150 outputs y as the attenuator 
control value. To achieve the desired attenuation y, the field data processor 159 adjusts the attenuation control values 
by calculating: 

y' = {multiplier*' y + scalar) (12) 

where y' is the calibrated attenuation control which the field data processor outputs to the voltage generator 170 during 
subsequent operation. 

[0073] In accordance with the present invention, the RF environment recreating apparatus 100 recreates the inter- 
ference environment of a cellular network region using a computer controlled, multi-channel attenuation tool. To achieve 
this result, the field data processor 1 50 converts field test data to attenuator control values for each channel of the TCT 
120. Accordingly, the mobile 160 in the lab sees the same carrier and interference levels that were observed in the field 
environment, and repeated field testing is not needed to test network equipment, parameters, and algorithms before 
being deployed in a cellular network. For example, handoff procedures, traffic channel power control, and voice signal 
quality may be tested and optimized using the RF recreating apparatus 100 described above under constant RF condi- 
tions extracted from a field test data file. 

Claims 

1 . An apparatus for generating a communication receive signal comprising: 

an attenuator receiving at least one first communication, signal and variably attenuating said at least one first 
communication signal in accordance with field test data to generate said communication receive signal. 

2. The apparatus of claim 1 . wherein said communication receive signal is a mobile receive signal or a base station 
receive signal . 

3. The apparatus of claim 1. wherein 

said attenuator receives a plurality of first communication signals; and 

said attenuator includes a plurality of fonward or reverse attenuation channels respectively corresponding to 
said plurality of first communication signals. 

4. TTie apparatus of claim 1 . wherein said attenuator variably attenuates said at least one first communication signal 
in accordance with attenuator control values extracted from said field test data. 

5. The apparatus of claim 1 . wherein said attenuator includes a PIN diode attenuator for variably attenuating said at 
least one first communication signal. 

6. The apparatus of claim 1 . wherein said attenuator receives a noise signal representing residual power and noise in 
said field test data and includes an interference channel for variably attenuating said noise signal. 

7. An apparatus for converting field test data to control values for a plurality of attenuation channels, comprising: 

a field data, storage unit for storing previously gathered field test data; 

a channel assignment unit for extracting significant communication signal components from said field test data 
and assigning said significant communication signal components to said plurality of attenuation channels; and 
an attenuator control unit for calculating time-varying attenuation control values for said plurality of attenuation 
channels in accordance with the significant communication signal components assigned by said channel 
assignment unit. 

8. The apparatus of claim 7. wherein said attenuator control unit calculates time-varying attenuation control values for 
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a plurality of forward attenuation channels and a plurality of reverse attenuation channels. 

9. The apparatus of claim 8, wherein said attenuator control unit calculates time-varying attenuation control values for 
an interference channel in accordance with a residual power value extracted from said field test data. 

1 0. The apparatus of claim 1 or 7. wherein said field test data includes data collected by a mobile diagnostic device in 
a code division multiple access CDMA network. 

1 1 . The apparatus of claim 10, wherein 

said field test data includes time-varying values representing pilot signals received from cell sectors in said 
CDMA network; and 

said at least one first communication signal includes a pilot signal component. 

12. The apparatus of claim 1 1 , wherein said attenuator includes a plurality of forward attenuation channels which are 
assigned to significant pilot signals extracted from said field test data. 

13. An apparatus comprising: 

a signal path receiving a first communication signal and varying said first communication signal; and 
control means for adjusting said signal path In accordance with field test data. 

14. A method for generating a communication receive signal comprising: 

receiving at least one first communication signal; and 

variably attenuating said at least one first communication signal in accordance with field test data to generate 
said communication receive signal. 

15. A method of converting field test data to control values for a plurality of attenuation channels, comprising: 

storing previously gathered field test data; 

extracting significant communication signal components from said field test data and assigning said significant 
communication signal components to said plurality of attenuation channels; and 

calculating time-varying attenuation control values for said plurality of attenuation channels In accordance with 
the assigned significant communication signal components. 
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FIG. 3 
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FIG. 4 
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FIG. 5B 
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FIG. 5C 




376 



YES ^ 


ADD TO 


—I 




ACTIVE SET 






3B0 




/ 


YES , 


ADD TO 






CANDIDATE SET 





364 



z 



REPLACE CH. WITH 
NEW PILOT HAVING 
LARGER Ec/Io 



{3 



19 



EP 1 022 872 A2 



FIG. 50 



38G 



IDLE CH. : ASSIGN TO NEW 
DETECTED PILOT WTH 
STRONGEST Ec/Io 




390 



YES ^ 


ADD TO 




ACTIVE SET 




394 




/ 


YES , 


ADD TO 




CANDIDATE SET 



NO 


396 








ADD TO 




REHAINING SET 



20 



EP 1 022 872 A2 



FIG. 5E 
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FIG. 5F 
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FIG. 6 
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